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Summar 


Experimental  studies  have  been  conducted  on  high-strength  concrete 
to  study  its  fatigue  behavior  under  biaxial -eye lie  loading.  Thin  square 
plate  specimens  were  tested  at  maximum  stress  levels  which  approximated 
varying  percentages  of  their  uniaxial-static  strength.  For  each  maximum 
stress  level,  four  principal  stress  ratios  were  tested.  The  test  pro¬ 
gram  included  statically-tested  control  specimens  and  cyclically-tested 
fatigue  specimens  for  a  total  of  ninety-five  experiments.  The  program 
concentrated  on  a  biaxial  state  of  stress  with  compression  applied  in 
both  directions.  The  experimental  program  for  investigating  the 
compression-tension  and  tension  -  tension  states  of  stress  was  initiated 
for  both  static  and  cyclic  loads. 

The  results  included  uniaxial-static  strength  of  the  control  speci¬ 
mens,  the  fatigue  strength  of  the  cyclic  specimens,  and  the  post-fatigue 
strength  of  the  "run  out"  specimens.  The  static  strength  of  the  control 
specimens  was  lower  than  the  cylinder  strength  due  to  less  confinement  in 
the  biaxial  testing  machine.  For  the  cyclic  tests,  three  replications  of 
each  combination  of  maximum  stress  level  and  principal  stress  ratio  were 
performed.  Observing  behavior  based  on  the  principal  stress  ratio,  the 
higher  stress  ratios  produced  no  enhancement  in  the  fatigue  strength  when 
the  maximum  stress  level  was  reduced  below  a  certain  level.  Consequent¬ 
ly,  the  endurance  limits  were  lower  for  the  two  higher  stress  ratios. 

The  specimens  which  were  cycled  at  maximum  stress  levels  that  did  not 
cause  failure,  or  "run-out"  specimens,  were  used  to  observe  the  endurance 
limit  and  were  retested  statically.  The  effect  of  cycling  below  that 
limit  was  found  beneficial  to  the  uniaxial  static  strength  of  these 
specimens. 

The  prediction  of  the  fatigue  strength  for  a  given  number  of  cycles 
was  facilitated  with  the  application  of  a  least-squares  polynomial 
regression  to  the  data  points.  A  second  order  polynomial  function  was 
found  for  each  stress  ratio  which  minimized  the  standard  deviation 
to  the  data.  The  least-squares  functions  show  stress  ratios  other 


□  □ 


than  the  uniaxial  case  predominating  until  approximately  300  cycles. 
After  that  region,  the  lower  stress  ratios  showed  greater  fatigue 
strength  for  a  given  number  of  cycles. 

Objectives 


The  objectives  of  this  area  of  the  research  program  are  as 
fol lows: 

1.  Determination  of  the  behavior  of  high-strength  concrete  under 
cyclic  landing  and  establish  fatigue  properties  for  the 
material . 

2.  To  study  the  significance  of  a  biaxial  state  of  stress  upon 
the  fatigue  behavior,  to  indicate  if  there  is  enhancement  of 
the  fatigue  strength  for  higher  stress  ratios. 

3.  Determine  an  approximate  fatigue  limit  for  the  material  by 
cycling  at  sequentially  lower  maximum  stress  levels  until  a 
limit  is  found  at  which  specimens  do  not  fail. 

4.  Determine  the  effect  of  cycling  below  that  endurance  limit 
by  studying  the  behavior  of  post-fatigue  specimens. 

5.  Establish  criteria  for  prediction  of  the  fatigue  strength. 

For  design  purposes,  employ  confidence  intervals  to  allow  for 
scatter  of  experimental  data. 

Status  of  Research 


Research  at  the  University  of  Texas  has  been  conducted  to  determine 
the  properties  of  plain,  high-strength  concrete  subjected  to  a  biaxial 
state  of  stress.  One  phase  was  to  investigate  its  fatigue  behavior 
under  compression  -  which  includes  the  determination  of  the  above 
objectives.  The  investigation  constitutes  part  of  a  larger  test  program 
where  studies  were  made  into  the  static  and  cyclic  behavior  of  the 
material  in  all  phases  of  biaxial  stress,  i.e.,  compression  -  compres¬ 
sion,  compression-tension,  and  tension-tension.  The  completed  phase 
concentrates  on  the  biaxial  compression  state  of  stress. 
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Tension  load  plattens  have  been  built  and  successfully  tested. 

An  epoxy  adhesive  has  been  identified  for  bonding  the  load  plattens 
to  the  specimens  without  the  confining  effects  inherent  in  the  use  of 
friction  -  type  plattens. 

Based  on  the  current  experimental  results,  the  following  conclu¬ 
sions  for  the  fatigue  bnehavior  of  high-strength  concrete  under 
biaxial-cyclic  compression  can  be  summarized. 

1.  The  biaxial  state  of  stress  does  not  enhance  the  fatigue  strength 
of  HSC  below  maximum  stress  levels  of  approximately  76  percent; 
in  fact,  stress  ratios  other  than  0.0  cause  a  detrimental  effect 
on  the  fatigue  strength  below  this  level. 

2.  For  stress  ratios  of  0.0  and  0.2,  the  fatigue  limit  was  near  50 
percent.  For  stress  ratios  of  0.5  and  1.0,  the  fatigue  limit  was 
near  45  percent.  These  fatigue  limits  were  found  for  a  life  of 
two  million  cycles. 

Figure  1  shows  maximum  stress  levels,  Sm,  versus  number  of  cycles 
for  all  stress  ratios,  SR.  Figure  2  shows  the  relationships  based  on 
least  squares  for  all  four  stress  ratios. 

Conclusions  can  also  be  made  regarding  the  static  testing  of  the 
control  and  post-fatigue  specimens: 

1.  The  ratio  of  the  compressive  strength  of  the  control  specimens  to 
that  of  the  cylinder  strength  was  62  percent. 

2.  The  effect  of  cycling  below  the  fatigue  limit  was  beneficial  to 
the  uniaxial-static  strength  of  the  specimens.  The  post-fatigue 
specimens  indicated  an  increase  in  strength  over  the  control 
specimens  of  37  percent.  Isolating  the  values  of  compressive 
strength  for  those  which  had  been  cycled  at  stress  ratios  of  0.5 
and  1.0,  the  increase  in  compressive  strength  was  44  and  48 
percent,  respectively. 

3.  The  effect  of  cycling  also  produced  more  consistency  and  linear¬ 
ity  in  the  stress-strain  behavior  of  the  post-fatigue  specimens. 
Failure  modes  from  these  specimens  also  exhibited  more  consist¬ 
ency  in  the  type  of  failure. 
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Publications 


Several  articles  are  in  various  stages  of  publication. 

1.  Refereed  Journals 

a.  "Cracking  and  Failure  Mechanism  of  High-Strength  Concrete 
Subjected  to  Biaxial  State  of  Stress,"  by  R.  L.  Carrasquil lo, 
presented  at  Sixth  International  Conference  on  Cement  Micro¬ 
scopy,  held  March  26  thru  29,  1984,  in  Albuquerque,  New 
Mexico  and  published  in  Proceedings  of  Conference. 

b.  "Behavior  of  High-Strength  Concrete  Linder  Biaxial  State  of 
Stress,"  by  0.  W.  Fowler,  R.  L.  Chen,  and  R.  L.  Carrasqui 1 lo, 
submitted  for  consideration  for  presentation  at  the  American 
Concrete  Institute  Convention  to  be  held  in  Chicago,  Illinois, 
October,  1985. 

2.  Theses  and  Dissertations 

a.  "Behavior  of  a  High-Strength  Concrete  Model  Subjected  to 
Biaxial  Compression,"  J.  C.  Herrin,  December,  1982. 

b.  "Analysis  of  a  High-Strength  Concrete  Model  Under  Biaxial 
Compression,"  P.  M.  Castro,  May,  1983. 

c.  "Behavior  of  High-Strength  Concrete  in  Biaxial  Compression" 

R.  L.  Chen,  December,  1984. 

d.  "Fatigue  of  High-Strength  Concrete  Subjected  to  Biaxial  Cyclic 
Compression,  E.  L.  Nelson,  to  be  published  August,  1985. 
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Professional  Personnel 


1.  John  C.  Herrin,  Master  of  Science  in  Engineering,  "Behavior  of 

a  Hign  Strength  Concrete  Model  Subjected  to  Biaxial  Com¬ 
pression,"  Oecember,  1982. 

2.  Paulo  M.  Castro,  Master  of  Science  in  Engineering,  "Analysis  of 

a  High  Strength  Concrete  Model  Under  Biaxial  Compression," 
May,  1983. 

3.  Robert  L.  Chen,  Doctor  of  Philosophy,  "Behavior  of  High-Strength 

Concrete  In  Biaxial  Compression,"  19U4. 

4.  Erik  L.  Nelson,  Doctor  of  Philosophy,  "Fatigue  of  High-Strength 

Concrete  Subjected  to  Biaxial -Cyclic  Compression,"  to  be 
awarded  August,  1985. 

5.  Berjamin  Briggs,  "Fatigue  of  High-Strength  Concrete  Subjected  to 

Biaxial -Cyclic  Compression  Tension",  to  be  awarded  August, 
1986. 

Interactions 


1.  Spoken  Papers 

a.  "Cracking  and  Failure  Mechanism  of  High-Strength  Concrete 
Subjected  to  Biaxial  State  of  Stress,"  by  R.  L.  Carrasquil lo, 
presented  at  Sixth  International  Conference  on  Cement  Micros¬ 
copy,  held  March  26-29,  1984  in  Albuquerque,  New  Mexico. 
Published  in  Proceedings  of  Conference. 

2.  Consultation  Functions 


None 
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New  Qlscoveries.  Inventions  or  Patent  Disclosures 


None 

Significant  Findings 

Several  significant  findings  have  resulted  from  the  study: 

1.  Fatigue  Behavior  of  High-strength  concrete  including  the  effect 
of  a  biaxial  state  of  stress  has  been  determined  for  the  first 
time. 

2.  The  effect  of  cycling  below  the  fatigue  limit  has  been  determined 
as  beneficial  to  the  state  strength  of  the  material. 

3.  Biaxial  states  of  stress  can  be  detrimental  to  the  fatigue 
strength  of  the  material. 
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